Background: Medical students face a variety of stressors associated with their education; if not promptly identified and adequately dealt with, it may bring about several negative consequences in terms of mental health and academic performance. This study examined psychometric properties of the Korean version of the Higher Education Stress Inventory (K-HESI). Methods: The reliability and validity of the K-HESI were examined in a large scale multi-site survey involving 7110 medical students. The K-HESI, Beck Depression Inventory (BDI) and questions regarding quality of life (QOL) and self-rated physical health (SPH) were administered. Results: Exploratory factor analysis of the K-HESI identified seven factors: Low commitment; financial concerns; teacher-student relationship; worries about future profession; non-supportive climate; workload; and dissatisfaction with education. A subsequent confirmatory factor analysis supported the 7-factor model. Internal consistency of the K-HESI was satisfactory (Cronbach's α = .78). Convergent validity was demonstrated by its positive association with the BDI. Known group validity was supported by the K-HESI's ability to detect significant differences on the overall and subscale scores of K-HESI according to different levels of QOL and SPH. Conclusions: The K-HESI is a psychometrically valid tool that comprehensively assesses various relevant stressors related to medical education. Evidence-based stress management in medical education empirically guided by the regular assessment of stress using reliable and valid measure is warranted.
Background
Research with medical students consistently suggests the high burden of medical education. Medical students face a variety of stressors associated with their education; if not promptly identified and adequately dealt with, it may bring about several negative consequences in terms of mental health and academic performance.
In fact, medical students are more vulnerable to psychological distress and mental health problems than their nonmedical peers [1] . Depression is one of the most highly prevalent mental health issues in medical students and it is associated with a higher likelihood of burnout, dropping out of medical school, and suicide [2] [3] [4] . It has also been found to be related to lower academic performance [5] . Research also suggested that 45-56% of medical students had symptoms suggestive of burnout [6] . Moreover, Pagnin and de Queiroz [7] compared the quality of life of 206 medical students with 199 peers in the general population and found that medical students reported lower psychological well-being and lower quality social relationships than their counterparts. Moreover, 50.5%, 44.2%, 28.7%, and 22.8% of students reported a low quality of life in psychological, social, physical health, and environment domains, respectively.
Early identification of stressors that students face is important for enabling interventions before these develop into more serious, aforementioned, consequences.
These studies identified several such factors associated with poor quality of life in medical students, such as social support [8] , frustration with the curriculum [9] , the teacher-student relationship [9] , and financial difficulty [10] . Early identification of the stressors that medical students face in their education is important for enabling interventions before these develop into serious consequences, such as burnout or depression. Research suggests that 45% -56% of medical students have symptoms suggestive of burnout [6] , which has been found to be related to lower academic performance [5] and dropping out of medical school [4] . Depression has also been identified as one of the most prevalent mental health problems in medical students and it is associated with a higher likelihood of burnout and suicide [3, 11] .
Despite the importance of systematic assessment of the stressors associated with higher education, there are few psychometrically validated assessment tools to measure stress in students enrolled in higher education, especially for those in medical programs. One such measure that does exist is the Higher Education Stress Inventory (HESI), developed by Dahlin, Joneborg and Runenson [12] in Sweden, which is partly based on the Perceived Medical School Stress Scale [13] . The strength of the HESI is that it assesses various stressful aspects of higher education. Major stressors in college students were categorized at the individual, dyadic, and group levels [14] , and overall, the HESI comprehensively evaluates issues in these categories. Moreover, the HESI can be applied in a range of higher educational settings, allowing comparison among students in various disciplines. As factors from the HESI were significantly associated with depression [12] , it might provide insights into preventive strategies for depression and related mental health issues in the post-secondary student population. But as its developers suggested, its validity has to be examined in more detail and in a larger population. Also, considering the fact stress factors in higher education might vary across different sociocultural contexts, its reliability and validity should be re-examined.
In view of this, the aim of the current study was to examine the psychometric properties of the Korean version of the HESI in a large representative sample of Korean medical students.
Method

Participants and procedure
The participants consisted of 7110 medical students in 41 medical schools in South Korea. Detailed information for participants and procedures are found in the previous study by Roh, Jeon, Kim, Han, & Hahm (2010) using the same dataset [5] . The mean age was 23.9 (SD = 2.65) years. The majority of participants were male (4427, 62.5%), identified as being religious (4053, 57.1%), and did not need to provide tuition and living expenses for themselves (5481, 77.3%). In terms of year of program, it was relatively well-distributed ( 
Measures
Higher education stress inventory (HESI)
The HESI was developed to measure educational stress, primarily for medical students [12] but it can also be applied to various higher educational settings. It includes 33 items regarding the presence of stressors in a higher educational context. Respondents rate each statement on a 4-point Likert-type scale (1 = 'does not apply at all'; 4 = 'applies perfectly'). Factor analysis of the original HESI identified seven factors with 24 items, explaining 48.7% of the total variance. Cronbach's α was .85 and the alpha values for the seven subscales are satisfactory: 'worries about future endurance/competence (α = .78); nonsupportive climate (α = .71); faculty shortcomings (α = .69); workload (α = .65); insufficient feedback (α = .65); low commitment (α = .62); financial concerns (α = .59).
The original English version of the questionnaire underwent a forward and backward translation (Korean↔English) procedure in line with the European Organization for the Research and Treatment of Cancer (EORTC) guidelines [15] . The forward translation was conducted by two independent clinicians (a psychiatrist and a psychologist). The research team examined, in detail, the two versions and finalized the version to be submitted for the backward translation. The backward translation was performed by a native English speaker with a good command of the Korean language, blinded to the original version of the HESI, to ensure semantic and structural equivalency.
Beck depression inventory (BDI)
Depression was measured with the Korean version of the Beck Depression Inventory (K-BDI) [16, 17] . Scores on the 21-item self-rating scale of depression range from 0 to 63. Spearman-Brown coefficient and Cronbach's alpha was .75 and .85 [17] . A total score of 10 to 15 is considered to be a mild level of depression, a score of 16-23 is a moderate level of depression, and a score of over 24 is considered to be a severe level depression.
Quality of life and self-rated physical health
Students were asked to rate their quality of life (QOL) and self-rated physical health (SPH) on three levels (good, average and poor) in reference to their study period in medical school (How do you rate your quality of life during your study period in medical school?; How do you rate your physical health during your study period in medical school?).
Questions regarding socio-demographic factors such as age, gender, religion, and financial situation were also included in the survey.
Statistical analyses
Internal consistency of the scale was examined using Cronbach's α. To examine construct validity, an exploratory factor analysis (EFA: principal axis factor analysis with promax rotation). A confirmatory factor analysis (CFA) was then performed on the same data set which served to rule out any methodological issues that may have identified an inappropriate factor result in the EFA [18] . The scree plot method and Kaiser criterion (Eigen value ≥ 1.0) were considered in determining the factor solution. Moreover, items with factor loadings < .30 on a single factor and factor loadings ≥ .30 on more than one factor were eliminated [19] . To assess goodness-of-fit indices of the 7-factor model of the K-HESI, several criteria were applied. Following current conventional recommendations, acceptable model fit was determined with standardized root mean square residual (SRMR) values of ≤ .08, root mean square error of approximation (RMSEA) values of ≤ .06 to .08,, and values approaching .95 for the Tucker-Lewis Index (TLI), Comparative Fit Index (CFI) and goodness-of-fit index (GFI) [20] . To examine convergent validity, Pearson correlations between scores of the K-HESI and the BDI were analyzed. To examine known-group validity, mean differences on the K-HESI subscale scores, across three levels of QOL and SPH, were examined using analysis of covariance (ANCOVA). Age, gender, year of program, religion, financial situation and depression scores were used as covariates. Statistical analyses were performed using SPSS 21.0 and AMOS 23.0 [21] .
Results
Construct validity
The construct validity of the K-HESI was examined using exploratory and confirmatory factor analysis (EFA and CFA). The Kaiser-Meyer-Olkin measure of sampling adequacy was .84, above the recommended .50 cut-off value. Additionally, a Bartlett test for sphericity (χ 2 (528) = 552551.94, p < .000) confirmed the equality of variances across the samples.
Initial factor analysis identified 8 factors using Kaiser's criterion. To enhance the factor structure, factor loadings were examined and items 7 and 22 were removed due to low factor loadings (<.30). Four items (3, 5, 15, 21) having factor loadings of ≥ .30 on more than one factor without a clearly stronger loading on any specific factor were also removed. Items 18 and 24 (discrimination due to gender and ethnicity) were identified as the 8 th factor but the Cronbach's alpha value was not optimal (α = .41) and explained only 1.17% of the total variance. Item 27 (Student union activities not promoting a sense of community) loaded on the third factor (teacher-student relationship, loading = .37) but it was difficult to explain as one dimension. Therefore, these three items (18, 24, 27) were excluded to enhance the factor structure of the K-HESI. Re-analysis was conducted with the remaining 24 items identified across seven factors. Results showed low extraction communalities for items 1 (studies control my life) and 13 (lack of support from peers) with values of .15 and .19 respectively, and exclusion of these two items improved internal consistency. The final result is shown in Table 1 . A total of 45.8% of the variance was explained by the following factors: 1) low commitmentgeneral dissatisfaction with major and curriculum; 2) financial concerns -worries about debt and financing; 3) teacher-student relationship -lack of feedback or respect from teacher; 4) worries about future profession -worries related to stress and workload in the future profession 5) non supportive climate -impersonal peer relationships; 6) workload -concerns about the amount and pace of the study load; and 7) dissatisfaction with education -issues related to educational activities.
Regarding correlations among the subscales of the HESI (Table 3), the 7 th factor, dissatisfaction with education, showed overall higher associations with other factors such as financial concerns (r = .29**), worries about future (r = . 33**), non-supportive climate (r = .33**), and workload (r = .29**). Correlations of workload with worries about future (r = .33**) and non-supportive climate (r = .30**) were also higher.
Internal consistency of the K-HESI was satisfactory (α = 0.78 for the total scale; range of α for subscales = .53 -.82) ( Table 1) .
Additionally, the CFA results indicate that the 22-item seven-factor model of the K-HESI, compared to the original 24-item seven-factor model, produced a better fit of indices for Korean medical students ( Table 2 ). The χ 2 values for both models were significant. However, the χ 2 test is considered to be extremely sensitive to sample size, with larger sample sizes, relatively small discrepancies between the observed data matrix and the predicted matrix can produce significant χ 2 values [22] . The examination of other indices, such as SRMR, TLI, CFI and RMSEA, indicate that the K-HESI's factor structure fit the data of the Korean medical students better than the original factor structure suggested by the original Swedish study [12] . 
Convergent validity
Convergent validity of the K-HESI was demonstrated by its positive correlations with BDI scores (Table 3) . The K-HESI total score and all subscales scores were significantly associated with BDI scores (r = .42** with the total HESI). Correlations of the subscales of low commitment(r = .30**), teacher-student relationship (r = .26**), and non-supportive climate (r = .26**) with the BDI were relatively higher.
Known-group validity of the HESI in terms of quality of life and self-rated physical health
The results of the ANCOVA to examine known-group validity of the K-HESI across three levels of quality of life (QOL) and self-rated physical health (SPH) are shown in Tables 4 and 5 . Regarding the QOL, the K-HESI total and subscale scores were the highest in the poor QOL group followed by those with average and good level of QOL group with the modest effect size (η 2 = .09). As for the SPH, the scores showed a significant difference across three levels of SPH with small effect size (η 2 = .03).
Discussion
Current study examined the psychometric properties of the K-HESI and results supported its reliability and validity. Exploratory factor analysis of the K-HESI identified seven factors, which demonstrated good model fit in the CFA. Internal consistency was also satisfactory for the overall scale and its subscales. The 7-factor structure of the K-HESI was equivalent to that of the original measure; however, items within the factors varied, as did the relative importance of factors to the construct of higher educational stress [12] . Whereas in the original HESI scale, 'worries about future endurance/competence' was the factor which explained most of the higher educational stress, in the Korean sample, the factor of 'low commitment', which includes items about general dissatisfaction with major and curriculum, was the strongest factor. Efforts to improve the low commitment of students will also be important because a high satisfaction with overall learning environment, which encompasses aspects of the "low commitment" factor, was independently associated with resiliency and recovery from burnout [2] . Similarly, in a qualitative investigation with medical students, frustration with the study program was one of the factors that was found to decreased quality of life [9] . The choice of a major in medicine is often guided by excellent academic grades in high school, or from the consideration of medicine as a profession assuring money and status in society [9] , rather than the aptitude or interests of the individual student. This might have partly contributed to the lowcommitment in medical education. In relation to this, a previous study with college students indicated that a perceived fit with an academic major was strongly associated with affective commitment to major and academic self-efficacy [23] . Moreover, while a non-supportive environment explained the second largest amount of variance in Swedish students, financial concerns were the second most influential factor in Korean students. In contrast, financial concerns explained the least amount of variance in the Swedish sample. Varying levels of economic burden associated with higher education in each country might explain this discrepancy as Korea is a country with a high economic burden associated with education [24, 25] . Furthermore, financial concerns were closely associated with dissatisfaction with education. This close association might reflect the economic burden felt by students which might affect the perceived level of satisfaction with the education they are receiving. A previous study found that 37.4% of students thought that worrying about money affected their studies and those who worried about money performed less well on examinations than their peers [26] . Similarly, previous research found that students who studied while holding a part-time job experienced more study-related problems and were more likely to report not having enough time, which led to sleep problems [27] . Financial difficulty is also one of the risk factors for major depressive disorder [5] , suggesting the need to address these concerns in medical students. The third factor, 'teacher-student relationship' includes issues related to perceived interactions with teachers. In the Swedish study, items regarding this issue were divided into two factors (faculty shortcomings and low commitment), but in the Korean study it emerged as one factor and seemed to represent a more important factor to Korean students, explaining 7.2% of the variance. This difference might be a reflection of the more collectivistic culture of Asia, in which students are more motivated by social approval, including positive feedback or recognition from authority figures, such as teachers [28] . In addition, previous findings suggest that the amount of support from faculty has a strong negative correlation to student burnout among 1 st and 2 nd year students [11] . The students' perceptions of faculty members' greater interest in their education was associated with a greater likelihood of resilience to, and recovery from, burnout [2] . Furthermore, meaningful relationships with teachers was found to increase quality of life in a qualitative study with Brazilian medical students [9] . Given that the 'teacher-student relationship' factor was also significantly associated with 'low commitment', efforts to enhance the relationship between faculty members and students will be needed.
It is also worthy of note that the first factor in the Swedish study, 'worries about future endurance/competence' (explaining 19.5% of the variance), was only the fourth largest factor in this sample, explaining 4.65% of the variance in Korean students. The fact that worries related to the stress and workload in a future profession are more strongly related to overall stress in the Swedish sample, compared to the Korean sample, reflects probable differences in perspective towards one's job between the two countries.
Convergent validity was supported by significant positive associations of the K-HESI with the BDI, consistent with the original HESI study [12] . These findings are also in line with previous research with German medical students in which perceived medical school stress was associated with depression and burnout [29] . The association of the low commitment, teacher-student relationship, and non-supportive climate factors with depression was more strongly related to burnout and depression compared to the other factors, suggesting a particular need for monitoring these factors in the prevention of depression in medical students.
Known-group validity was demonstrated by the ability of the overall K-HESI and its subscales to significantly detect different levels of QOL and SPH. Medical students who rated their quality of life and physical health as poor reported more elevated levels of higher education stress. However, the effect size of HES was small with respect to SPH.
The study does have some weaknesses that are worth noting. Due to the cross-sectional nature of the data collection, the test-retest reliability of the K-HESI could not be examined. Although stress level varies across time, the ability of the tool to detect the effects of interventions should be investigated in a longitudinal study. Another limitation was that convergent validity was examined only in relation to the BDI. Also, we did not use standardized measures to assess quality of life and selfrated physical health.
Conclusions
This study explored various aspects of the stress associated with medical education. Using multi-site surveys and a representative sample of medical students in Korea, a significant influence of medical students' higher education stress was confirmed, suggesting the need for an intervention to alleviate higher education stress. Moreover, although the relative importance of the factors comprising the K-HESI was found to have some differences to previous research using a Swedish sample, the current findings suggest a universal nature of higher education stress across countries.
To conclude, the K-HESI is a psychometrically valid tool that comprehensively assesses various relevant stressors related to higher education. Evidence-based stress management in medical education empirically guided by the regular assessment of stress using reliable and valid measure is warranted. 
